n d i n g < g G 2 , h G 2 > t o t h e c o s e t g h g h G 3
(for all g,h in G) . The use of this map and the statement of the principal result in the case R = Q are due to Sullivan [3] . As he gave no details, and we have had occasion to use this result elsewhere, we have decided to supply an argument here, and we shall treat also the case when if is a field of positive characteristic. The odd characteristic case is similar to that for Q , but in characteristic 2 skew symmetric forms 
v e s r ise t o a n if-homomorphism (which we shall also call cup product) from
where D is the submodule of the tensor product generated by
If 2 is invertible in R , the i?-module S 1 (G;R) S n B
There is a natural map U: certainly the case when G is finitely generated.
Suppose f .,/, . in H 1 (G;H) for 1 < g < n are such that
Then there is a map F :
and all k in G(i?) = n {ker \\\ in H^IG-.R) = Hom(G,i?) } . The restriction F|G(i?) is a homomorphism, determined on the subgroup We shall assume henceforth that R is a field and treat the three cases char R = 0 , odd prime p , and 2 separately.
(1) char R = 0 
The map F may be ambiguous up to the addition of a homomorphism; in particular it will be uniquely defined on GtR) (if it exists at all) .
As before F(tg) and F(gt) must equal F(g\ + F(t) for all g in G and t in G{R)
, and it follows that F must be defined on G_ by
Since G(R)/G is easily seen to be the torsion subgroup of G/G~ , F is
k with fe in G(.7?) 2 , and so is in G 2 , and
Thus with this definition of F on G(R) as an homomorphism to R , condition (*) i s satisfied whenever £7,fa are in G(R) .
The quotient G/G(R) i s a finitely generated torsion free abelian 
with k Q standard and s in GLR) , then
Furthermore, if condition (*) holds, then by induction on m ,
for all g in G and for all positive integers m , and since and then constructing a function F : G •* R with coboundary
is uniquely definable on G(i?) , and is an homomorphism there, and is extendable to all of G on choosing a 7L /pZ2 -basis for the finitely generated Z2/p2Z-vector space G/G(R) , using the formulae of case (1) read modulo p (and with the r. now being arbitrarily chosen elements of R ) .
The map \i is no longer appropriate; consider instead the natural
given by fAx.) = 6.. , and then g.{y) = I fAy)g.U-) for all y in G and •^ <7 
X<i<n
For any element g of G may be written uniquely as a = g t = i . . . . x B t w i t h t i n GJL KG) , and 0 < w. < 4 i f 1 2 j < a and u . = 0 o r 1 i f a + l < J < g . Then F t g ) must be 0 defined to be w . 
for some k in <? 3 
